Given the connectedness of most states with their neighbors, any economic analysis of changes in a state's policy needs to account for the interdependence between states. We examine in how much detail one needs to model the factor and commodity flows between states, and how much, if anything, is lost in the aggregation of neighboring states into larger regions. We develop nine dynamic multi-region general equilibrium models of the United States, with different aggregations of states (a two-region model, a 7-region model, and a full 51-region model) and different assumptions regarding intermediate inputs. We examine the same policy change with these nine models, and find that all nine models suggest very similar economic effects of the policy change in the first year. Our overall conclusion is that the policy implications that one might draw from small and highly aggregate models are fairly robust.
Introduction
Consider the task of analyzing the expected effects of a change in the economic policy of a state in the US. For example, there is an active debate in the Georgia legislature about whether Georgia should replace its state income tax with either a value added tax or a sales tax. A useful starting point for an analysis of the expected economic consequences of such policy changes is to view the US states as small open economies with fixed exchange rates-states do not have individual monetary policies, capital as well as labor is fairly mobile across state borders, and every state trades intermediate as well as final goods with the other US states and with foreign countries. While any study of a specific state's economic policy needs to account for such interdependence, it is not obvious in how much detail does one need to model these factor and commodity flows if the primary interest is in how changes in a state's economic policy affect this state's economy. Is it sufficient to combine the other states into a single "rest of the US?" Does one need to include at least the state's immediate neighbors? Or does one need to model all 50 states and the District of Columbia explicitly? For example, Feltenstein (1997) constructs a model of the state of Western Australia that is embedded in a single larger model of the rest of Australia.
2 Mutti et al. (1989 Mutti et al. ( , 1995 analyze models in which the US states are aggregated into six regions. Plassmann (2005) and Dixon et al. (2012) develop models of all 50 US states plus the District of Columbia. 3 One purpose of this paper is to examine how much, if anything, is lost in the aggregation of individual states into larger regions.
The issue of aggregation is important for two reasons. First, multi-region models require modelers to represent each state's fiscal policy. Collecting information on marginal tax rates, and determining effective (average) tax rates as well as levels of spending and other fiscal parameters can be quite difficult for a single state, let alone for several states. Conversely, if several states are to be combined into the "rest of the 2 Recent examples of such two-region models of a larger economy include Rose and Liao (2005) , Andre et al. (2005) , Faulk et al. (2010) , Radulescu and Stimmelmayr (2010) , and Giesack (2011).
United States," then one needs to calibrate a fiscal policy of this artificial region that corresponds to the aggregate fiscal policies of the individual states that this region represents. It is useful to know whether (1) the effort of gathering data for multiple states is worthwhile if one is primarily interested in the economic policy of a single state, and
(2) whether calibrating economic policies for an artificial aggregate region introduces distortions.
A second reason why aggregation requires some thought stems from the need to model the technological structure of the industries in each region. Researchers often use applied general equilibrium models to simulate the economic effects of policy changes.
Such models permit the description of production processes in considerable detail, for example, as a combination of intermediate inputs and value added. Intermediate inputs are generally modeled with input-output (IO) matrices. The Bureau of Economic Analysis (BEA) offers, free of charge, the IO matrix for the entire Unites States on which the official national income and product accounts are based. IO matrices on the statelevel, however, are not freely available-for example, the Minnesota IMPLAN Group (MIG) sells state-level IMPLAN IO matrices for about $1,000 per state. Because the acquisition of such matrices puts a considerable burden on researchers' budgets, it is useful to know how much additional precision these state-specific IO matrices provide.
How do simulation results differ if one assumes that the aggregate IO matrix for the United States is an acceptable approximation for state-specific IO matrices, and how much is gained by acquiring state-specific IO matrices? Answering this question is the paper's second purpose.
We address the two questions with nine dynamic multi-region general equilibrium models of the United States; these models describe different aggregations of states (a two-region model, a 7-region model, and a full 51-region model) and different Second, we find that the differences in the descriptions of intermediate inputs across models lead to slightly different assumptions regarding the use of capital and labor across regions and industries; as a consequence, the different models suggest somewhat different growth paths and growth paths that vary somewhat in response to the policy change in one state. It is not obvious which of these models offers the best prediction of economic growth. But because the predicted changes in various economic variables ten years after the implementation of the policy change are still very similar across the nine models, our overall conclusion is that the policy implications that one might draw from small and highly aggregate models are fairly robust.
The remainder of this paper is organized as follows: in section 2 we suggest that interstate trade in multi-region models ought to be modeled differently from international trade in multi-country models. In section 3 we describe the general set-up of our models, and we describe the model calibration in section 4. Section 5 is the heart of the paper where we report our simulations results. Section 6 concludes.
Accommodating interstate trade in a multi-region model of the US economy
Wages in agriculture tend to be lower than wages in mining and manufacturing, and wages in the southern US states are generally lower than wages in the northeastern and western states. These wage differentials reflect partly differences in human capital, partly differences in the general costs of living and the relative attractiveness of different locations, and partly imperfect labor mobility. Any multi-region model of the United
States needs to accommodate such wage differentials across different industries as well as across states.
Differences in factor prices-and, more generally, differences in the costs of production across states that arise from different production functions-pose difficulties for multi-region general equilibrium models if these cost differences translate into different output prices. If goods from different states are perfect substitutes for each other, then consumers will acquire these goods only from the state with the lowest production cost and hence the lowest price. To avoid such corner solutions which imply, unrealistically, that each good is produced only in one state, models of international trade generally incorporate the so-called Armington assumption that goods produced in different countries are imperfect substitutes for each other (see Armington, 1969 Dixon et al., 1982 In addition to being-as we argue-the appropriate assumption to describe interstate trade flows within the United States, the assumption of perfect substitutability offers three substantial advantages over models that use the Armington assumption.
First, our model naturally accommodates the observation that wages differ across industries and states. While it is possible in principle to assume state-and-industryspecific labor in Armington models, such an assumption increases the dimensionality of these models.
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Models with large numbers of unknowns are difficult to solve numerically, and researchers commonly need to limit the number of regions for such technical considerations. Avoiding the Armington assumption makes it straightforward
to solve large models with many regions and imperfectly mobile labor. 
Model description

Factor mobility and production
The remainder of our model is fairly standard, and hence the conclusions that we draw from the analysis are relevant for other applied general equilibrium models. We aggregate all commodities into 12 industries, and we assume that all output is produced with a combination of intermediate inputs as well as labor and capital as value added.
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We follow the common practice of describing the structure of intermediate inputs with an IO matrix, and we therefore assume that intermediate inputs enter the production process in fixed proportions. In section 4 we describe how we adjust the IO matrix in each of our nine models.
We include land as part of "capital" in the value added functions of all sectors to avoid the difficulties of determining industry-specific use of land in each state (for which there is only very limited information) and of specifying production functions that describe the degree of substitutability between capital and land in our different (aggregate) industries. We also adopt the standard assumption that capital is perfectly mobile across industries and states, which implies that the price of capital is identical across industries and states. Although the assumption of perfect capital mobility abstracts from the existence of immobile capital like structures and partially mobile capital like large machines, the lack of information regarding the annual flow of capital among states and industries makes it impossible to calibrate "migration functions" for capital. With regard to labor we assume that, during any given year, labor supply is specific to individual industries in individual states so that wages differ across industries and states. We permit workers to migrate across states and across industries after each year, depending on the utility they could gain by working in different industries and states. We use observed changes in employment across industries and states to calibrate the labor migration functions; these migration functions introduce frictions that prevent instant wage equalization across industries and regions. 
Consumption and dynamics
where C(t) is consumption at time t, the α(t)'s are the CES share parameters that are related to the agent's pure rate of time preference, and σ is the elasticity of intertemporal substitution.
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First, each agent allocates his lifetime wealth so as to finance consumption in each period, he then decides how to divide C(t) among consumption of goods and leisure in each period t, and finally he decides how to divide the total consumption of goods among the output from the 12 industries. Because we assume that consumers consider otherwise identical goods produced in different states as perfect substitutes, we do not need to include the usual final step of Armington models in which consumers decide how they divide their consumption of industry output among the units produced in different states.
11 See, for example, Ballard et al. (1985) . 12 We determine the rates of time preferences numerically as part of the solution algorithm so that a family's long-run saving rate converges to a stable value, given their observed ratio of marginal utility to the price index in period zero. The algorithm is described in detail in Tideman et. al. (2002) . The advantage of this approach is that the periods can be solved sequentially while maintaining the assumption of perfect foresight, which makes it possible to solve the model for a larger number of periods.
Governments
All governments make transfers to consumers, invest in government assets (bonds), and demand intermediate goods to produce public goods. They finance these expenditures by levying taxes on the use of capital (corporate income taxes as well as property taxes), personal income taxes on labor and asset income, sales taxes on the consumption of goods, as well as by issuing public debt. Because the model abstracts from risk, consumers view the holding of public debt and investment in new capital as equivalent.
Thus the interest on public debt equals the equilibrium return of holding existing capital and investment in new capital. We account for subsidies to different industries by calibrating the effective tax rates on corporate income in these industries accordingly.
The federal government makes transfers to and levies taxes on firms and consumers in all states, while each state government makes transfers to and levies taxes on firms and consumers in its own state only.
Because our governments do not use social welfare functions to determine tax rates and spending on transfers and public goods (since we do not know the appropriate weights for such functions that would reflect the actions of the state governments), we need alternative rules to model the behavior of governments over time. We assume that all tax rates remain unchanged over time, and that government spending on public goods is proportional to each state's value of production while government transfers are proportional to each state's total income. We calibrate the values of government spending and government investment for all years in the base case scenario, and we then use these calibrated values for the years in the counterfactual analyses that assume different tax rates. Other approaches to modeling government expenditures are certainly meaningful, but the assumptions regarding the behavior of governments over time are unlikely to have a noticeable influence on our comparison of models with different numbers of regions and different ways of treating intermediate inputs.
The rest of the world
We permit the United States to run a trade deficit with the rest of the world, and assume that the rest of the world supplies any quantity of import demand at the prices that prevail in the United States. Consumers finance their demand for imports by selling fractions of the capital stock and of their holdings of government debt to foreigners. Foreigners use their asset revenue and the proceeds from net exports to finance the governments' budgets deficits and to invest in new capital in the United States.
4. Nine different models of the US economy 4.1 Differences among the nine models Table 1 shows the different assumptions regarding the treatment of intermediate inputs and the number of regions that distinguish our models. To simplify the discussion, we divide the nine models into three sets, with three models in each set.
We have access to the aggregate IO matrix for the entire United States as well as to six state-specific IO matrices for Alabama, Florida, Georgia, North Carolina, South Carolina, and Tennessee. Our first set of models (models 1 to 3) describes three models that use different IO matrices for each region. 13 Those in the second set (models 4 to 6) use the same IO matrix for all regions. The models in the third set (models 7 to 9) incorporate the structure of value added derived from the aggregate IO matrices but do version with fewer data and computational requirements than the other two sets.
Comparisons of models across the three rows in Table 1 thus permit us to assess the consequences of employing different assumptions regarding intermediate inputs. Table 2 shows the shares of value added and its three components-the demand for labor, for capital, and indirect taxes for the 12 industries-in the aggregate IO matrix for the United States as well as in the six state-specific IO matrices for Georgia and its five neighbors. We compiled all entries from the MIG data. For several industries, the total share of value added as well as its composition differs considerably across the seven IO matrices. Thus it seems reasonable to expect that simulations with models that consider region-specific IO matrices (those in set 1) will differ from the simulations with models that assume that all regions share the same IO matrix (those in set 2).
Within each of these three sets of models, we examine three models that describe 
Calibrating the nine models
We calibrated all models to reflect the economic situation in 2009, which is the most recent year for which state-level data are available. We obtained the seven IO matrices from MIG and all other data from the BEA. Because our main goal is to compare the outcomes of the nine models with each other, we calibrated all models to base case scenarios that are as similar as possible.
14 It is straightforward to calibrate different models to an identical base case scenario as long as these models employ identical assumptions about the use of intermediate inputs and differ only in the number of regions that they describe. However, models in sets 1 and 2 use different sets of IO matrices, and therefore imply different total factor demands for labor and capital in value added in the base case solution. As a consequence, the base case scenarios of the models across the two sets necessarily differ.
We calibrated the models in set 1 that use region-specific IO matrices as well as the models in set 3 that assume no intermediate inputs (see below) to represent a total value of labor demand of $7,810.8 billion and a total value of capital demand of $5,094.8. In contrast, we calibrated the models in set 2 that use the same IO matrix in all regions to represent a total value of labor demand of $7,663.2 billion and a total value of capital demand of $5,242.4.
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These different factor usages reflect the differences in the composition of value added that arise from using region-specific IO matrices and identical IO matrices, respectively. In our counterfactual simulations we find that the six 14 Differences in factor endowments are a major source of discrepancy in the counterfactual simulations of different models. To eliminate this source of discrepancy, we did not use the aggregate US IO matrix for the "Rest of the United States" in the 2-region and the 7-region models, because doing so would have led to different total values of labor and capital supply across the three models. Instead, we used the 51-region model to calibrate total factor use, and then adjusted the composition of value added-the capital share and the labor share-in the 12 industries in the region "Rest of the United States" in the 2-region and 7-region models to match the total values of the supply of labor and capital in the 51-region model. Thus the 2-region and 7-region models differ somewhat from the respective models that one would calibrate without access to a 51-region model. However, we also examined 2-region and 7-region models for which we used the original US IO matrix for the "Rest of the United States," and the simulation results were almost identical to those presented in Section 5. Thus we conclude that it is appropriate to use the national IO matrix for the aggregate region "Rest of the United States" in models that do not describe all 51 states separately. 15 Thus the total net value of factor demand in all nine models is $12,905.6. Adding the total net tax on capital (state and federal corporate income taxes plus state and local property taxes minus federal and state industry subsidies) of $679.6 billion yields the total value added of $13,585.2 billion. Adding state sales taxes and federal excise taxes of $533.8 billion yields a 2009 US GDP of $14,119 billion. After we had completed the calibration process, the BEA revised its estimate of 2009 US GDP downwards to $13,973.7 billion. Because the revision affected only the total value of output of the federal government but not the value of any other industry and because we are primarily interested in a comparison of the nine models, we decided to continue to use the earlier estimate of GDP of $14,119 billion to maintain internal consistency with other, still unrevised, data that we used for the calibration. models that we calibrated to the values implied by region-specific IO matrices (sets 1 and 3) yield almost identical changes in the counterfactual simulations in the first year. The counterfactual simulations with the three models in set 2 that are calibrated to a set of identical IO matrices are slightly different. These slight differences in the predictions are a direct consequence of the different assumptions about factor endowments in the base case scenarios that result from using different IO matrices.
For the third set of models which assume that all output is produced with value added only, we adjusted the published values of demand to reflect the implicit presence of an IO matrix in the available data. For example, the BEA data show that the federal government spent $986.6 billion on consumption in 2009. In the six models with IO matrices, we treat this amount as demand for output of the federal government (industry 11), the production of which leads to intermediate demand for the output of the other sectors as determined by the respective IO matrices. To be able to match the published output values, we calibrated the three models without IO matrix so that government consumption demand (as well as consumer demand) for industry output is distributed as indicated by the IO matrix, rather than assuming that government demands output only from the government sector. Thus our simulations do not reflect the results that one would obtain if one designed and calibrated a model without any access to IO tables.
Instead, our simulations are based on models that match the published values in accordance with the assumptions of the underlying IO matrix, but whose counterfactual solutions are obtained under the assumption that the production of output requires no intermediate inputs. This adjustment permits us to interpret differences among the simulations with the three models in set 3 and the simulations with the other six models as the consequence of not using an IO structure for intermediate inputs, rather than as the consequence of calibrating the models to different base cases.
Simulation results
For each of the nine models, we derived a counterfactual solution under the assumption that Georgia abolishes its personal income tax. To amplify the changes in the counterfactual analysis and thus to simply the identification of differences across the nine models, we do not assume any compensating changes so as to maintain a balanced budget. Thus our simulations represent an upper limit of the economic effects that one can expect as a consequence of a corresponding tax change that does not alter Georgia's budget balance. Table 3 shows the percentage changes in several select variables across models for the first year. We note two results: first, the percentage changes of the three models within each set that assume different numbers of regions are virtually identical. Thus if one's primary interest is in how Georgia's economy changes in response to tax changes in Georgia, then a 2-region model is sufficient and the 7-region and 51-region models do not provide additional insights. Second, the percentage changes of the models in set 2 differ somewhat from those of models 1 and 3, but the differences are small. Thus when it comes to an evaluation of the immediate effects of a tax change, the benefit of using state-specific IO matrices instead of the aggregate IO matrix for all states is fairly minor.
The magnitudes as well as the signs of the changes in Table 3 seem reasonable and intuitive. Abolishing the income tax increases Georgia's gross state product by between 1.53% (for the models in sets 1 and 3) and 1.56% (set 2). Eliminating the disincentives to work and save lowers the demand for leisure and thus increases labor supply, income, and saving. The increase in consumption that accompanies the increase in income leads to an increase of about 3.3% in sales tax revenue, and the increase in the demand for capital that accompanies the increased production raises the revenue from taxing capital (the corporate income tax and the property tax) by about 1.5%. Because these revenue increases of about $550 million are not sufficient to cover the loss of income tax revenue of about $8.2 billion-recall that we do not model corresponding adjustments that keep Georgia's budget balance unchanged-the overall tax revenue falls by 28.5% and the joint budget deficit of Georgia's state and local governments increases by 50%.
The increase in Georgia's budget deficit is financed by the consumers of all regions, and the share of savings that is available for the production of new capital decreases and nationwide investment in new capital falls by slightly more than 0.3%.
The flow of capital into Georgia lowers the supply of capital available to the other states, and the six models in sets 1 and 2 suggest a slight decrease in national GDP. As a consequence, federal tax revenue falls and the federal budget deficit increases by between 0.015% and 0.025%. In contrast, the three models in set 3 suggest that GDP rises by about 0.0004%, so that the federal tax revenue increases by 0.005% and the federal budget deficit falls by 0.008%. This result is not implausible-whether or not one should expect national GDP to increase depends on whether the increase in Georgia's output exceeds the decrease in the output of all other states. To the extent that income taxes reduce people's incentives to work and save, it is possible that the net effect of eliminating such a distortion would be positive. However, recall that our models are based on the assumption that capital is perfectly mobile across states-the results might be different if our models accounted for frictions in the mobility of capital. Table 4 shows the percentage changes in the same variables 10 years after the tax change. All nine models indicate that the increase in Georgia's budget deficit that follows the abolishment of the personal income tax reduces national GDP over time. The differences across models are much larger than those in Table 3 , and the differences between the models with different regions are comparable to, and in some cases much larger than, the differences across the models with different assumptions regarding intermediate inputs. Most notably, the three 51-region models suggest that Georgia's gross state product increases by almost 20% after 10 years, while the six 2-region and 7-region models indicate a much smaller increase of between 8.8% and 11.5%. 16 These differences across the models are the result of minor differences in savings and investment in the early years that, over time, lead to considerable differences in the capital stock. The three 51-region models also predict much larger inflows of capital into Georgia and associated increases in Georgia's labor supply than the other six models. It is interesting that the differences in capital flows are large across models with different numbers of regions, but much more similar across the three sets of models with different assumptions about intermediate inputs and value added.
It is not obvious which model predicts the increase in Georgia's output after 10 years most accurately. The differences indicate a need for careful calibration of interstate capital flows, although data on such flows are sparse. They also serve as a reminder that the uncertainty of predictions increases the farther ahead the point in time is for which the predictions are made. It is thus comforting that the predictions of the changes in the immediate future are very similar across the nine models.
While a 2-region model is appropriate if the only interest is in the economic changes to the state that implements the tax change, a genuine multi-region model provides information about how a state's tax changes affect other states. Table 5 shows how Georgia's abolishment of the personal income tax affects Georgia's five immediate neighbors in the first year. The differences among the six 7-region and 51-region models are very similar to those in Table 3 -the differences between the models in set 1 and 3 on the one hand and those in set 2 on the other are slightly larger than the differences between the models with 7-regions and 51-regions, but the differences are very small. 17 these small discrepancies lies in our treatment of government transfers over time, which we assume vary with changes in state government tax revenues and consumer incomes. It would be possible to calibrate the transfer functions so that the changes in transfers are more similar across the nine models. Alas, it is difficult to assess which of the nine models ought to be the target in such calibrations.
The effects of the tax change are fairly similar across Georgia's neighbors. Gross state products fall by between 0.051% and 0.071%, although the 7-region and the 51-region models in set 3 that assume that production takes place without intermediate inputs suggest a much smaller decrease of 0.024% for Florida. In general, the detrimental effects on Florida seem more moderate than those on the other states. A likely explanation is that Florida is the only one of Georgia's neighboring states without a state income tax, thus Florida loses less capital. Table 5 supports the conclusion that we drew from Table 3 -that Georgia's economic improvement occurs to some extent at the cost of other states.
One might object to this conclusion on the grounds that it violates Ricardian equivalence-in our model, Georgia's creditors ignore the possibility that Georgia will not be able to repay its increasing budget deficit. Our result is a direct consequence of our assumptions that (a) consumers abstract from risk, and (b) Georgia's state government does not adjust its expenditure compared to the base case scenario to accommodate the loss in tax revenue. Most importantly, we do not impose any balanced budget rules, either within periods or as end of period closure rules. In a short or medium term model such as ours, this absence of budget constraints may be appropriate; it would be more difficult to defend in a longer term model.
An analysis whose primary focus is on the economic effects of abolishing the personal income tax ought to incorporate either government spending adjustments or a reluctance of lenders to supply funds to governments with non-sustainable spending patterns. However, since it is not obvious which types of expenditures Georgia's state government would adjust to accommodate the (entirely hypothetical) abolishment of the state income tax, and because our primary focus is on the differences between the nine different models, rather than on the economic consequences of abolishing the income tax, we decided not to pursue this issue any further.
Conclusion
We 
